In the UK, men who have sex with men (MSM) bear a disproportionate sexually transmitted infection (STI) burden. We investigated MSM's STI knowledge; whether their STI testing behaviour met national guidelines (annually if sexually active; 3-monthly if engaging in STI risk behaviours); and the relationship between STI testing in the last 3 months, STI knowledge and STI risk behaviours by HIV status.
Introduction
Globally, since the 1990s rates of curable bacterial sexually transmitted infections (STIs) have increased among gay, bisexual and other men who have sex with men (MSM), which has coincided with the use of antiretroviral treatment (ART) for HIV treatment and prevention [1, 2] . In England, although a substantial decline in new HIV diagnoses in MSM has been observed since 2015 [3, 4] , STI diagnoses rates have increased. In 2017, over 50 000 new STI (excluding HIV) diagnoses were made among MSM, of which gonorrhoea (43%) was the most common [5] . Since 2008, there has been a 148% rise in syphilis diagnoses, mostly among MSM [5] . The rate of bacterial STIs diagnosed specifically among MSM with diagnosed HIV infection has also increased, with diagnoses being four times higher than among HIV-negative/undiagnosed MSM [6] . Increases since 2000 in the proportion of MSM engaging exclusively in seroadaptive behaviours, in the reported number of condomless anal sex (CAS) partners, and in CAS with HIV-serodifferent partners (CAS-D) [7] have been proposed as factors explaining observed increases in STIs. Dense sexual networks and chemsex (i.e. concurrent sex and recreational drug use) have also been shown to facilitate STI epidemics among MSM, including syphilis, hepatitis C and shigella [8] [9] [10] [11] [12] .
Reflecting these epidemiological trends, the British Association for Sexual Health and HIV (BASHH) guidelines specifically for the sexual health care of gay, bisexual and other MSM, including cis and trans men, recommend annual STI testing (including HIV testing if negative/unknown status) for all sexually active MSM unless they have a long-term mutually exclusive partner [13] . The 2016 British HIV Association (BHIVA) guidelines for adults living with HIV also recommend screening annually for gonorrhoea, chlamydia and syphilis among patients with a CD4 cell count of > 500 cells/lL who report a partner change since the last test [14, 15] . Additionally, these guidelines [13] [14] [15] [16] recommend hepatitis B virus (HBV) and hepatitis C virus (HCV) serology 'at least annually'; and 3-monthly STI testing, including HBV and HCV testing, for MSM who engage in STI risk behaviours (see Appendix Table S1 for details of these behaviours).
Several studies in the UK have focused on HIV testing among MSM [7, 17, 18] and whether testing in MSM meets national HIV testing guidelines [18] ; however, evidence in the context of STI testing among MSM in the UK is sparse [19, 20] . Moreover, none of these STI testing studies have examined the frequency of STI testing among MSM who engage STI risk behaviours as defined by the BASHH and BHIVA STI testing guidelines [13] [14] [15] [16] . Despite variation in STI diagnoses among MSM by HIV status, none of these studies [19, 20] have examined if STI testing and factors associated with it vary by HIV status. Studies conducted in other Western industrialized countries have shown that MSM are less well informed about STIs than about HIV [21] [22] [23] . Lack of STI knowledge is a barrier for STI testing [19, 21] . A qualitative study conducted in England among MSM has shown that their knowledge of STI transmission, severity and treatments is sparse [24] .
To address these evidence gaps, we examined MSM's STI knowledge and whether their STI testing met recommended national guidelines for annual and 3-monthly testing. We also examined the hypothesis that STI knowledge and engagement in STI risk behaviours are independently associated with 3-monthly STI testing among MSM. As a consequence of the greater likelihood of HIVpositive men accessing sexual health services for routine HIV care and its potential impact on STI knowledge and testing, all analyses were stratified by HIV status.
Methods
We conducted an anonymous, self-completion online survey from March to May 2017, promoted on three geospatial social networking/dating platforms that are popular among MSM: Gaydar, Grindr and Scruff [25] . All men using Grindr and Gaydar in England encountered at least one interstitial message inviting them to participate in the study. Among Scruff users, only those living in Birmingham, London, Manchester or Leeds were shown a banner advertisement. Users of these dating apps/websites who clicked on the advert were taken to the online survey where they were asked initial questions about eligibility. Men aged > 15 years who were UK residents and who had had sex with at least one male partner in the last 12 months were eligible to participate. Online consent for study participation was obtained from eligible men. Ineligible men exited the survey. The London School of Hygiene and Tropical Medicine Observational/ Interventions Research Ethics Committee approved the study (Ref: 11999).
The survey took 10-15 min to complete and covered a range of topics, including whether they had ever received HIV and other STI test results, and, if yes, when they had last been tested for HIV and for STIs, sexual behaviours (ever and within the last 12 and 3 months), and use of recreational drugs immediately prior to having sex in the last 12 months [crystal meth, mephedrone, Gammahydroxybutyrate/gamma-Butyrolactone (GHB/GBL) and ketamine]. Additionally, to measure STI-related awareness, participants were asked if they had heard of any of the following STIs: syphilis, gonorrhoea, chlamydia, shigella, anal/genital warts, anal/genital herpes, hepatitis C and hepatitis B. Participants' STI knowledge was measured by presenting 11 true statements about transmission, symptoms, treatment and health consequences of these eight STIs (Appendix Table S2 ). Each question had five response options, where 1 indicated that they had previously known that the statement was true, and 2-5 indicated that they were unsure, were unaware of the subject addressed by the statement, did not understand the statement, or did not believe the statement to be true, respectively, suggesting a complete or partial lack of awareness about these statements, and were coded as 0. We calculated the total number of statements that participants 'knew' about, resulting in an STI knowledge score ranging from 0 to 11. A binary variable was derived, whereby participants who scored < 6 were considered to have 'poor' STI knowledge overall.
Men who reported that they had last tested negative/ never received an HIV test result were treated as 'HIVnegative/unknown-status' men and those reporting a positive result as 'HIV positive'. Men who reported CAS with a serodiscordant HIV/unknown status partner were categorized as having discordant condomless anal sex CAS-D. Informed by national guidelines for 3-monthly STI testing among men reporting STI risk behaviours [13] [14] [15] [16] , a variable for 'engagement in STI risk behaviours' was created if reporting at least one of the following behaviours in the last 3 months (unless specified otherwise): (1) had > 10 sexual partners, (2) CAS, (3) CAS-D, (4) had more than one new sexual partner, and (5) use of recreational drugs immediately prior to having sex in the last 12 months. We did not collect data on 'unprotected' sexual contact with new partners, which is one of the indicators of engagement in STI risk behaviours as per BASHH guidelines [13] . Therefore, we considered reporting of 'any' sexual contact with more than one new sexual partner as one of the indicators to derive the variable of engagement in STI risk behaviours. However, this assumption is likely to overestimate the overall proportion of men engaging in STI risk behaviours because it is unlikely that sexual contact with all new partners was unprotected. We therefore conducted a sensitivity analysis using a 'conservative' variable of engagement in STI risk behaviours derived by excluding reporting of 'any' sexual contact with more than one new partner as one of its indicators. 
Awareness and knowledge of STIs
Almost all men (96.4%) had heard of at least one of the eight STIs we asked about (Table 1) . Approximately 90% had heard of each of the STIs, except shigella, which only 26.6% of men had heard of. With regard to STI knowledge, 2.7% of men did not know about any of the 11 true statements and these men were predominantly HIV-negative/ unknown-status men. Knowledge about shigella transmission and related morbidity was poor (16.5% and 16.3%, respectively), whereas a high proportion of men were aware of how chlamydia was transmitted (78.9%). Two-thirds were aware of the risk of bacterial STI transmission associated with oral sex without ejaculation, and half were aware that having STIs can increase the risk of HIV transmission during sex. Half of men knew of treatment methods for gonorrhoea, yet only 30.2% were aware that 'gonorrhoea is the most common STI among gay and other MSM in England.' A total of 56.8% were aware of treatment for syphilis, and two-thirds were aware of its health impact if untreated. With regard to viral infections, three-quarters were aware of their impact on health. The proportion of HIV-negative/unknown-status men who had a poor overall STI knowledge score was significantly higher than that of HIV-positive men (46.4% versus 22.9%, respectively).
Engagement in STI risk behaviours in the last 3 months
Overall, 14.0% and 65.0% of men reported more than 10 partners and more than one new partner, respectively (Table 2 ). Around 55.4% and 13.9% of men had engaged in CAS and CAS-D, respectively. One in ten men reported having used one or more recreational drugs immediately prior to having sex in the last 12 months. Overall, 59.2% of men had engaged in one or more of these STI risk behaviours. The proportion of HIV-positive men who had engaged in STI risk behaviours was significantly higher than that of HIV-negative/unknown-status men (74.1% versus 56.9%, respectively). Engagement in individual indicators of STI risk behaviours varied by STI knowledge level. Among HIVnegative/unknown-status men, the proportion of men who reported > 10 sexual partners in the last 3 months and the proportion who had used recreational drugs prior to having sex in the last 12 months were significantly higher among 
Testing for STIs
Of the 3316 men who responded, 24.5% (n = 813) had never received an STI test result. The proportion of HIVnegative/unknown-status men who had never received an STI test result was higher than that of HIV-positive men (26.3% versus 13.3%, respectively). Of the men who had ever received STI test results, 2420 responded to the question about when they had been tested for STIs. Overall, 74.1% and 43.4% of these men had been tested for STIs in the last 12 and last 3 months, respectively. Compared to HIV-positive men, the proportions of HIV-negative/ unknown-status men who had been tested were significantly lower (71.6% versus 87.2% for HIV-positive men in the last 12 months and 41.4% versus 53.2% for HIV-positive men in the last 3 months). Among HIV-negative/ unknown-status men who had engaged in STI risk behaviours in the last 3 months, STI testing in the last 3 months was lower than in HIV-positive men who had engaged in these behaviours (45.8% versus 55.1%, respectively).
Factors associated with STI testing in the last 3 months
Among HIV-negative/unknown-status men, STI knowledge and engagement in STI risk behaviours in the last 3 months were independently associated with STI testing during this time ( (Table 3) . Among HIV-positive men who reported engaging in STI risk behaviours and had not been tested for STIs in the last 3 months (n = 158), 24.0% also had poor STI knowledge. Education was associated with testing in the last 3 months, and those with degree-level education were less likely to have been tested for STIs in the last 3 months, but the upper 95% CI was close to 1 (AOR 0.63; 95% CI 0.41-0.99). None of the other sociodemographic and behavioural factors were associated with STI testing in the last 3 months.
Discussion
Our study offers unique insights into MSM's knowledge of STIs and their engagement in STI risk behaviours by HIV status, and how these relate to STI testing. The majority of MSM had heard about the STIs we asked about. However, despite high and increasing prevalences of gonorrhoea and syphilis, and shigella outbreaks among MSM in England, knowledge about these infections was poor, especially among HIV-negative/unknown-status men. Despite good knowledge of STIs, engagement in STI risk behaviours was higher among HIV-positive men than HIV-negative/untested men. However, among HIVnegative/unknown-status men, engagement in STI risk behaviours varied by STI knowledge, with men with good STI knowledge reporting more sexual partners and recreational drug use prior to sex, and those with poor knowledge more likely to report engaging in CAS. These data highlight that, in addition to knowledge, behaviours are determined by a complex range of psychological and ecosocial factors [26, 27] .
A quarter of men, mainly HIV-negative/unknown-status men, had never received an STI test result, which is slightly higher than the 18% reported in a Glasgow community-based survey among MSM [19] , highlighting the need to continue promoting STI testing among MSM. STI testing in the last 12 months was also higher in our survey (74%) compared to that reported by MSM in the UK (44%) in the European MSM Internet Survey (EMIS) [20] and the above-mentioned Glasgow survey (54%) [19] . However, both these surveys were conducted far earlier (2010) than our survey, and it is possible that, among those testing for STIs, the proportion testing annually may have increased over time. STI testing was higher in HIV-positive than HIV-negative/unknown-status men, potentially because they are more likely to access clinics for routine HIV care. The BHIVA national 2015 audit showed that 72.7% of HIV-positive men were offered an annual sexual health screen [28] . This is lower than STI testing among HIV-positive men in the last 12 months in behaviours that increase STI risk (i.e., men who reported ≥ 1 of the following behaviours in the last 3 months: > 10 sexual partners), CAS, CAS-discordant; had used recreational drugs in the last 12 months prior to sex (i.e., crystal our study, which was conducted 2 years after this audit, suggesting a potential increase over time in annual sexual health screening in this population. However, a significant minority of HIV-positive men and one-third of HIV-negative/unknown-status men had not been tested for STIs in the last 12 months. Furthermore, approximately half of HIV-positive and HIV-negative/unknown-status men who had engaged in STI risk behaviours during this time had also not been tested for STIs in the last 3 months. These data highlight the need to develop effective interventions to implement national guidelines recommending at least annual STI testing among all sexually active MSM and 3-monthly STI testing among men who engage in STI risk behaviours [13] [14] [15] to reduce STI transmission. STI knowledge and engagement in STI risk behaviours in the last 3 months were associated with STI testing during this time period among HIV-negative/unknown-status men, whereas these factors were not associated with STI testing in the last 3 months in HIV-positive men.
Our study has the following limitations. Our sample may not be representative of men who do not use the geospatial social networking dating platforms we used for recruitment, or of men who do not use such dating platforms in general. However, the dating platforms we used for recruitment are commonly used among MSM in the UK [25] . Moreover, recruitment of our sample online as opposed to from sexual health clinics has enabled us to assess STI knowledge and testing behaviours among men who may not necessarily engage with sexual health services. Recruitment through these dating platforms probably reflects the demographic characteristics of their users; for example, the median age of our sample was 45 years. Thus, our study findings may not be reflective of STI knowledge and testing behaviours of younger MSM. Our online survey was administered in English, and therefore men with poor English language capability and/or a lack of access to the internet may have been unlikely to participate in our study. All data were selfreported and therefore ensuring reliability is challenging. Our findings regarding associations between STI knowledge, behaviours and testing should be interpreted with caution because causality cannot be inferred as a consequence of the cross-sectional nature of our data. The BHIVA guidelines also recommend STI testing among people with HIV infection who have an a prior STI diagnosis and/or report anonymous partners [15] ; however, we did not collect data about this in our survey.
Similar to other studies [19, [21] [22] [23] , our findings highlight poor knowledge of STIs, especially among HIVnegative/unknown-status MSM. Compared to knowledge about HIV among MSM, the EMIS survey also reported relatively poor knowledge about other STIs, especially among HIV-negative/unknown-status MSM [20] . However, it is important to bear in mind that the measures of STI knowledge used in all these surveys varied considerably from those used in our survey. Education about STI transmission, symptoms and treatment among HIV-negative/unknown-status men should be prioritized given the high levels of never testing for STIs, STI testing below recommended national standards among those who had previously tested, and the association between poor STI knowledge and testing observed among them. Interactive digital interventions (IDIs) are effective in enhancing sexual health knowledge [29] and may be acceptable to MSM who are more likely to use the internet. However, further research is needed to explore the acceptability of such innovative approaches for sexual health promotion and to assess their effectiveness in promoting sexual health knowledge among MSM in the UK.
Alongside enhancing STI knowledge, our results highlight the need for effective interventions to promote STI testing among HIV-positive and HIV-negative/unknownstatus MSM. In order to implement the BHIVA recommendation [15] of at least annual STI testing among HIV-positive men, 'opt-out' STI testing should be offered to all sexually active men attending for routine HIV care to maximize the impact of clinic contact time. Reminders for offering opt-out testing to HIV-positive patients attending clinics can be facilitated by using prompts incorporated within electronic patient records [30] . However, the extent to which this is possible needs consideration, given the fragmentation of sexual health service provision in England, with HIV services being provided by the National Health Service, while STI testing is commissioned by the local authorities [31, 32] . Nevertheless, the change in sexual health service configuration by way of shifting away from clinic-based testing to offering self-sampling kits for STI testing online presents opportunities for improving testing uptake in this population. Online STI testing services could be advertised via dating platforms commonly used by MSM, although evidence of acceptability and its impact on STI testing uptake is needed.
Given the high levels of engagement in STI risk behaviours, the frequency of STI testing among these men needs to be improved by recall of MSM who report engagement in such behaviours, via text messages, for 3-monthly retesting [33, 34] . Recall could be especially useful among HIV-negative/unknown-status men as they are less likely to attend clinics regularly, and among HIVpositive MSM with a CD4 cell count > 500 cells/lL and/ or on ART with stable undetectable viral load as they may not engage with HIV clinics more than 6-monthly to once a year for routine HIV monitoring [15] . The use of pre-exposure prophylaxis (PrEP) by HIV-negative/ unknown-status MSM for HIV prevention could improve 3-monthly STI testing as it is recommended for PrEP users [13] , but it could also potentially increase engagement in STI risk behaviours as a consequence of risk compensation. Therefore, research investigating trends in sexual behaviours of MSM [7] remains pivotal. Moreover, interventions promoting STI testing should make efforts to provide friendly, professional, discreet, knowledgeable and nonjudgemental services [35] to address barriers to STI testing caused by the stigma associated with men having sex with men and being diagnosed with STIs [21, 35] . In addition to promoting STI testing, robust pathways for offering partner notification to MSM diagnosed with STIs should be in place to prevent reinfection, because a high proportion of these men reported steady partners. Collection of the gender of sexual partners during sexual history taking [36] remains key because a significant minority of these men reported having sex with women in the last 12 months. Moreover, recent evidence has highlighted diagnosis of congenital syphilis cases potentially facilitated by behaviourally bisexual MSM bridging between sexual networks [37] . In conclusion, our findings emphasize that primary and secondary STI prevention and control interventions among MSM, regardless of their HIV status, remain vital [2, 38, 39] .
